non-ACE-dependent pathways. 11 This raises the possibility that an ARB in combination with an ACE inhibitor may be effective in further reducing MI.
In the placebo-controlled Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity (CHARM) program, the effect of candesartan on total mortality, cardiovascular death, and hospitalization for heart failure was examined in patients with heart failure receiving recommended therapy. 12, 13 This article describes the effects of candesartan on MI and on hospitalization for unstable angina and coronary revascularization procedures in the overall CHARM program.
METHODS
The design and primary results of CHARM have been published and are summarized here. 12, 13 In brief, the CHARM program consisted of 3 component trials that compared the effects of adding candesartan or placebo to optimal background therapy in consenting patients with heart failure and either preserved left ventricular ejection fraction (LVEF) (CHARM-Preserved) or reduced LVEF (CHARM-Added, enrolling patients treated with an ACE inhibitor, and CHARM-Alternative, enrolling those not receiving an ACE inhibitor because of documented intolerance). Patients were enrolled from March 1999 through March 2001.
Study Population
Patients with New York Heart Association functional class II to IV were eligible and were randomly allocated according to LVEF (Յ40%, Ͼ40%) and treatment with an ACE inhibitor. All patients received candesartan or matching placebo, starting at a dosage of 4 or 8 mg once daily, which was increased as tolerated to the target of 32 mg once daily. All sites received approval from local ethics committees for the conduct of this trial, and all patients provided written informed consent.
Follow-up and Outcome Measures
After the initial dose-titration period, follow-up visits occurred every 4 months, with a minimum planned duration of 2 years. At each visit, the occurrence of study outcomes was ascertained according to the intention-to-treat principle. Causes of death and reasons for hospital admissions were classified on standard forms by the investigator, without knowledge of treatment assignment, and confirmed or refuted by a blinded central adjudication process. Death was classified as cardiovascular unless an unequivocal noncardiovascular cause of death was confirmed by the central adjudication committee. Cardiovascular death included sudden death; death due to MI, heart failure, or stroke; procedurerelated death (cardiovascular investigation/procedure/operation); death due to other specified cardiovascular causes; and presumed cardiovascular deaths (ie, those for which a noncardiovascular cause had not been clearly established).
A diagnosis of MI was made if (1) levels of creatine kinase or creatine kinase-MB (or troponin I or T if these were not available) were more than twice the upper limit of normal or if levels of these same markers were 3 times the upper limit of normal within 24 hours of percutaneous coronary intervention or 5 times the upper limit of normal within 24 hours of coronary artery bypass graft surgery and if, in addition, the patient had (2) electrocardiographic changes in 2 or more contiguous leads showing new Q waves (or R waves in V 1 and V 2 ), left bundle-branch block, or ischemic ST-T-wave changes, or (3) typical clinical presentation with cardiac ischemictype pain lasting more than 20 minutes, pulmonary edema, or cardiogenic shock not otherwise explained. All reported nonfatal MI events underwent blinded central adjudication. Information on hospitalization for unstable angina and coronary revascularization procedures (percutaneous coronary intervention or coronary artery bypass graft surgery) were based on the events reported by the investigator and were not centrally adjudicated.
Statistical Analyses
The primary composite outcome of this analysis was cardiovascular death or nonfatal MI. All randomized patients were included in the analyses except for 2 individuals for whom no data were available. Hazard ratios were estimated by finding the values of the regression coefficients in a Cox regression model (stratified for study) that maximized the partial likelihood. The Cox proportional hazards assumption was confirmed by plotting the hazards against follow-up time. The Wald statistic was used to test each coefficient separately, and 95% confidence intervals were calculated. Tests of heterogeneity of hazard ratios across studies were performed. Survival curves were estimated by the Kaplan-Meier procedure. Cox regression analyses were used to determine the uniformity of treatment effects across prespecified subgroups for the CHARM-Overall study. Analyses were performed using SAS version 8.2 (SAS Institute Inc, Cary, NC); PϽ.05 was used to determine statistical significance.
RESULTS

Baseline Characteristics
Baseline patient characteristics for the CHARM-Overall study were previously published. 13 Mean age was 66 (SD, 11) years. Of 7599 patients randomly allocated, 5199 (68%) were men, 4004 (53%) had experienced a previous MI, 1808 (24%) had current angina, 4681 (62%) had heart failure of ischemic etiology, 2160 (28%) had diabetes mellitus, 1228 (16%) had undergone percutaneous coronary intervention, and 1791 (24%) had undergone coronary artery bypass graft surgery. At baseline, 3125 patients (41%) were receiving an ACE inhibitor (100% in CHARM-Added, 0% in CHARM-Alternative, 19% in CHARM-Preserved); 4203 (55%), a ␤-blocker; 3153 (42%), a lipidlowering drug; 4246 (56%), aspirin; and 6286 (83%), a diuretic.
MI, Fatal Coronary Events, Unstable Angina, and Coronary Revascularization
There was a significant reduction in the primary composite outcome of cardiovascular death or nonfatal MI and in IMPACT OF CANDESARTAN ON NONFATAL MI AND CARDIOVASCULAR DEATH the secondary outcome of nonfatal MI alone in patients receiving candesartan compared with placebo (TABLE and  FIGURE 1 ). There was a nonsignificant trend of fewer patients who experienced sudden death or fatal MI, but the composite outcome of fatal MI, sudden death, or nonfatal MI was significantly reduced with candesartan.
The effect of candesartan on the composite outcome of cardiovascular death or nonfatal MI was consistent across the component CHARM trials (Added, Alternative, and Preserved) (FIGURE 2). The impact of candesartan on cardiovascular death or nonfatal MI compared with placebo was also consistent across relevant subgroups ( Figure 2 ). Candesartan had no effect on hospitalization for unstable angina or coronary revascularization procedures.
COMMENT
In the CHARM program, the addition of the ARB candesartan to conventional therapies for heart failure resulted in a significant reduction in the combined outcome of cardiovascular death or nonfatal MI in patients with symptomatic heart failure. These findings were consistent across all subgroups examined, including patients treated with other therapies proven to be effective in reducing the risk of MI or reinfarction. The prevention of MI broadens the potential benefit of candesartan in this patient population.
It is of interest to compare this effect of candesartan with that of ACE inhibitors. In the Studies of Left Ventricular Dysfunction (SOLVD) treatment and prevention trials, 1 the ACE inhibitor enalapril decreased the risk of nonfatal MI by 23% (95% confidence interval, 11%-34%; PϽ.001). Although similar reductions in MI were described in the Heart Outcomes Prevention Evaluation (HOPE) 7 9 showed no effect on nonfatal MI of adding trandolapril in low-risk patients. However, a metaanalysis of the HOPE, EUROPA, and PEACE trials indicates a reduction in total mortality.
14 Prior to CHARM, it was unknown whether ARBs would also reduce MI in patients with heart failure or other cardiovascular conditions. It is notable, therefore, that the magnitude of the reduction in cardiovascular death and nonfatal MI in CHARM was similar to that observed in SOLVD and other trials. Furthermore, the beneficial impact of candesartan was observed in patients taking ␤-blockers, lipidlowering agents, or aspirin, indicating an additive and independent effect to standard therapy, as seen with ACE inhibitors. Importantly, however, candesartan also further reduced risk in patients receiving an ACE inhibitor, suggesting additional protection against cardiovascular events through increased blockade of the renin-angiotensinaldosterone system, at least in patients with heart failure.
Although nonfatal MI alone and the composite outcome of cardiovascular death or nonfatal MI were significantly reduced by candesartan, there was only a nonsignificant reduction of the composite of sudden death or fatal MI. In CHARM, the number of fatal MIs was small, leading to wide confidence IMPACT OF CANDESARTAN ON NONFATAL MI AND CARDIOVASCULAR DEATH intervals and statistical uncertainty about the effect of treatment. Second, although central adjudication of potential end points was used in CHARM, it is difficult to precisely classify the cause of death in patients with heart failure. While broad categories such as cardiovascular deaths vs noncardiovascular deaths are likely reliable, further subcategories may not be. 15 For example, an autopsy substudy of the Assessment of Treatment with Lisinopril And Survival (ATLAS) trial found that a high proportion of "sudden deaths" had evidence of coronary occlusion, as did many patients thought to have died from "pump failure." 16 This underscores why the combined outcome of cardiovascular death or nonfatal MI is more reliable and better reflects the impact of candesartan on fatal or nonfatal MI in the CHARM program. In this context, our approach is consistent with that used in previous large trials. 1, 7 Candesartan did not reduce hospitalizations for unstable angina and coronary revascularization procedures. Although this differs from SOLVD, these results are similar to HOPE and EUROPA. 7, 8 In the SOLVD treatment and prevention trials, hospitalizations for unstable angina were documented in 499 patients (14.7%) treated with enalapril and in 595 (17.5%) in the placebo group (risk reduction, 20%; 95% confidence interval, 9%-29%; P=.001). 1 The SOLVD trials were conducted from [1985] [1986] [1987] [1988] [1989] [1990] , when the use of ␤-blockers and aspirin was lower. Use of aspirin and ␤-blockers was 46% and 18%, respectively, in the SOLVD trials, compared with 56% and 55% in CHARM. This difference in the use of proven anti-ischemic therapy may in part explain the smaller number of events leading to hospitalization for unstable angina with wide confidence intervals in the CHARM program. In a similar fashion, the number of coronary revascularization procedures was small, with no significant effect of candesartan. Furthermore, hospital admission for unstable angina and coronary revascularization may not necessarily reflect disease progression but rather may be due to variations in physician practice styles.
The Valsartan in Acute Myocardial Infarction (VALIANT) trial and the Optimal Trial in Myocardial Infarction With the Angiotensin II Antagonist Losartan (OPTIMAAL) study evaluated the effects of an ARB compared with the ACE inhibitor captopril in patients with acute MI. 17, 18 The VALIANT trial also compared the combination of the ARB valsartan plus captopril with captopril alone. Neither trial showed superiority of the ARB over captopril, with respect to the primary end point of allcause mortality. In OPTIMAAL, the risk of fatal or nonfatal reinfarction was comparable in patients treated with losartan and captopril (relative risk, 1.03; 95% confidence interval, 0.89-1.18; P =.72). 18 In VALIANT, the number of patients who experienced an MI was similar in the groups treated with valsartan (3-year Kaplan-Meier rate, Values in the candesartan column may not sum to total values due to missing data for some patients. Error bars indicate 95% confidence intervals. ACE indicates angiotensin-converting enzyme; IHD, ischemic heart disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction; SBP, systolic blood pressure.
14.9%), captopril (14.2%), and the combination of valsartan plus captopril (14.1%). 19 The results of CHARM provide additional information on the effect of the ARB candesartan alone or in combination with ACE inhibitors compared with ACE inhibitors alone. The conclusion drawn from an overview of the complete data available refutes that of a recent but more selective review, which suggested that ARBs, unlike ACE inhibitors, may not reduce MI. 20 Our observations in the CHARMAlternative component especially suggest that the possible anti-MI effect of candesartan (and, 21 In conclusion, these results from the CHARM program suggest that the use of candesartan in patients optimally treated for heart failure reduces the risk of cardiovascular death or nonfatal MI. This apparent benefit is in addition to that of other agents known to decrease MI. Further studies are required to confirm this benefit and elucidate the mechanisms responsible for the actions of candesartan on ischemic cardiovascular events in this patient population.
